Abstract: A field experiment was conducted to study the effect of nitrogen (N) fertilizer rates and intra row spacing on yield of onion (Allium cepa L.) cultivar Bombay Red. Treatments consisted of a factorial combination of four rates of N (0, 50, 100 and 150 kg N ha -1 ) and four intra row spacing (4, 6, 8, and 10 cm) with inter row spacing of 20 cm. The experiment was laid out as a Randomized Complete Block Design with three replications. The analysis of variance revealed that the main effects of N and intra row spacing significantly affected average fresh bulb weight, bulb diameter, marketable yield, and total bulb yield. 100 kg N ha .-1 was found the best rate of N to get optimum marketable bulb yield (31.455 t ha -1 ), total bulb yield (32.84 t ha -1 ) and average bulb weight (86.50 g). The results also revealed that intra row spacing of 6 cm was optimum. Combined Spacing of 6 cm x 20 cm with 100 kg N ha -1 is most favourable for onion cultivar Bombay Red production at Shire, northern Ethiopia.
Introduction
Onion (Allium cepa L.) is a vegetable crop grown for its pungent bulbs and flavourful leaves. It belongs to the genus Allium of the family Amaryllidaceae [1] . Generally, all plant parts of alliums can be consumed by humans except perhaps the seeds [2] . Onions have significant contributions to the nutritional requirements of human beings and have also medicinal values and are primarily consumed for their unique flavour or for their ability to enhance the flavour of other foods [3] .
Onion and/or shallot are probably cultivated in all countries of tropical Africa including Ethiopia [4] . Onion is important in the daily Ethiopian diet, cultivated both under rain fed and irrigated conditions. In 2010/11 during the rainy season 22,035.8 ha of land was planted and about 2.37 million tons of bulbs were obtained with an average yield of 10.75 t ha -1 [5] which is low compared to other onion producing countries like the Republic of Korea (66.15 t ha -1 ), USA (56.13 t ha -1 ), the Netherlands (51.64 t ha -1 ), Japan (46.64 t ha -1 ) and Egypt (36.16 t ha -1 ) in the production year of 2011 [6] .
One of the major bottlenecks of onion production in Ethiopia particularly at Shire area is improper agronomic practices used by farmers. The optimum level of any agronomic practices such as plant population density and fertilizer application varies with the environment, purpose of the crop and variety. To optimize onion productivity a full package of information is required for specific growing system [7] , [8] . The use of optimum plant population density has a dual advantage. It avoids strong competition between plants for growth factors such as water, nutrients, and light. Conversely, it enables efficient use of available crop land without wastage [9] .
Spacing of 10 cm between two adjacent plants and 30 cm between rows was recommended when transplanting onions to permanent fields [10] . However, this spacing is not optimum under all conditions of growth as well as crop or varietal characteristics. Varieties of onion may differ in root architecture, foliage and other growth characteristics. A cultivar performs differently under different agro climatic conditions and various cultivars of the same species grown even in the same environment often yield differently [11] .
Performance of a cultivar mainly depends on the interaction of genetic makeup and the environment [12] reported that the recommended spacing for improved onion production in Ethiopia is 10 cm x 20 cm x 40 cm spacing where 10 cm is the spacing between plants, 20 cm is the spacing between rows and 40 cm is the width of plant bed including irrigation water path used for watering the plant. However, this recommendation was given irrespective of onion cultivars and only for furrow irrigation system. There is scanty of information on appropriate plant spacing for rain fed onion production in the study area.
Ethiopian Institute of Agricultural Research [13] recommended 100 kg DAP ha -1 and 150 kg urea ha -1 for onion production with no indication and consideration of appropriate spacing, cultivar, soil type and environmental conditions. Whereas, [14] suggested 200 kg DAP and 100 kg Urea in sandy loam soils of Ethiopia was recommended. Hence, there is lack of improved techniques of fertilizer rates in onion production in northern Ethiopia particularly in the study area. This research is, therefore, initiated with the objective to determine the influences of intra row spacing and nitrogen fertilizer on bulb yield of onion. 
Treatments and experimental design
The treatments consisted of four intra row spacing (4, 6, 8, and 10 cm) with the same inter row spacing of 20 cm and four levels of nitrogen (0, 50, 100 and 150 kg N ha -1 ) laid out as a randomized complete block design (RCBD) in a 4 x 4 factorial arrangement and replicated three times.
Seeds were sown in a nursery on a well prepared seed bed. Fifty five days after sowing, seedlings with three to four green true leaves were transplanted to the experimental field. Only vigorous and healthy seedlings were transplanted. Nitrogen was applied at the specified rates in three splits (1/4 th at transplanting, ½ at active stage of vegetative growth, and 1/4 th at the start of bulbing). Phosphorus in the form of TSP was applied to all plots equally at 92 kg P 2 O 5 ha -1 . All the required amount of TSP was applied in band just before transplanting at the depth of 10 cm below the soil level of positioning the roots of the seedlings.
At physiological maturity when 70 % of their leaves senesced, plants were harvested and used for determining yield components [13] . Plants in the border rows as well as those at both ends of each harvested row were left to avoid edge effects. All other cultural practices such as weeding, supplementary irrigation control of pests and diseases were performed as per the regional recommendations.
Statistical Analysis
Data were subjected to analysis of variance using SAS Statistical Software package.
Means that differed significantly were separated using the Least Significant Difference (LSD) test procedure at 5 % level of significance. Pearson Correlation coefficients were determined for parameters using the same software.
Results and Discussion
The statistical analysis in Table 1 shows that average fresh bulb weight (g plant -1 ), bulb diameter (cm) and dry total biomass (g plant -1 ) show significant difference at 5 % significant level among treatments.
Average fresh bulb weight
When the rate of nitrogen was increased from 0 to 50 kg N ha -1 , bulb fresh weight increased per plant by 9.0 % ( Table  1) . Increasing the rate of nitrogen from 50 to 100 kg N ha-1 increased the bulb fresh weight further by 12 %. However, increasing the rate of N from 100 to 150 kg N ha-1 decreased bulb fresh weight significantly by 5 %. This result was similar with [17] who reported significant increases in the bulb weight of onion due to increased nitrogen application. The significant decline of fresh bulb weight in response to increasing rate of nitrogen from 100 to 150 kg N ha-1 may be attributed to overdose or supra optimal supply of the nutrient which may have led to excessive growth of vegetative parts at the expense of growth and development of bulbs. Increasing the intra row spacing from 4 to 6 cm, increased bulb fresh weight by 16 %. Further widening the intra row spacing from 6 to 8 cm did not change bulb fresh weight. However, when the intra row spacing was widened to 10 cm, then bulb fresh weight was increased by 7.45 %.
3.2Bulb diameter
The statistical analysis in Table 1 revealed that significant difference at 5% significant level among treatments. Increasing nitrogen rate from 50 kg to 100 kg N ha -1 significantly increased bulb diameter by 5%. However, increasing nitrogen rate from 0 to 50 kg N ha -1 and 100 to 150 kg N ha -1 did not affect bulb diameter of onion. N rate significantly increased bulb diameter by about 16% due to 150 kg N ha -1 in reference to the control, which may be due to the increase in dry matter production and allocation to the bulb. This was in agreement with the results of [18] who reported a significant increase in the diameter of bulbs due to the application of N up to 120 kg ha -1 . Also it was found significantly increased bulb diameter by about 12% due to N 138 kg ha -1 fertilization [19] . Similarly bulb diameter was significantly influenced by intra row spacing where 6 cm gave significantly the highest bulb diameter of 5.673 cm compared with the narrow intra row spacing of 4cm which gave 4.826cm. This may be due to less competition for resources in the case of wider plant spacing. 
Dry total biomass yield
Dry total biomass yield of the onion crop increased linearly with the increases in the rate of nitrogen application ( Table  1) . As the rate of nitrogen application increased from 0 to 50 kg ha -1 , dry total biomass yield increased significantly by 26 %. Increased application of nitrogen from 50 kg N ha -1 to 100 kg N ha -1 further increased dry total biomass yield by 10 %. When the rate of nitrogen was further raised to 150 kg N ha -1 from 100 kg N ha -1 , dry total biomass yield increased by 11 %.
A previous field research also showed that application of N fertilizer at the rate of 150 kg N ha -1 increased dry total biomass [18] . The marked increase in total biomass yield in response to the increased rate of N application could be attributed to an increased photosynthetic area in response to fertilization that enhanced assimilate production and partitioning to the bulbs. Widening the inter-row spacing from 4 cm up to 10 cm linearly increased the dry total biomass yield of the crop. Widening the spacing from 4 to 6 cm was increased dry total biomass yield by 9 %. Further widening the intra row spacing from 6 to 8 cm increased the dry total biomass yield by 10 %. When the intra row spacing was further widened to 10 cm, dry total biomass yield increased further by 7 %. The dry total biomass yield of plants grown at the intra row spacing of 10 cm exceeded the dry total biomass yield of plants grown at the spacing of 4 cm by 28 %. This result demonstrates that plants grown at the widest spacing produced the highest dry total biomass yield possibly due to less stiff competition among them for growth factors.
Shoot dry weight
The analysis of variance of shoot dry weight showed that the main effects of nitrogen and intra-row spacing highly significantly (P < 0.01) influenced shoot dry weight of onion plants (Table 1) . In response to increasing the rate of nitrogen from 0 to 50 kg N ha -1 , shoot dry matter yield increased by 22%. Increasing the rate of nitrogen from 50 to 100 kg N ha -1 increased the shoot dry matter yield further by 10%. However, increasing the rate of nitrogen beyond 100 kg N ha -1 did not change shoot dry matter yield. The increase in shoot dry matter yield in response to increasing the rate of nitrogen from 0 to 100 kg N ha -1 amounted to 34%. This result shows that nitrogen enhanced assimilate production and dry matter accumulation in onion plants. The result is in accord with that of [18] who reported that, higher shoot dry weight was recorded when nitrogen supply was raised up from nil to 150 kg ha -1 .
Similarly, shoot dry weight significantly increased with increasing intra row spacing. Widening the intra-row spacing, from 4 to 6 cm, increased shoot dry matter yield by about 28%. Further widening the intra-row spacing from 6 to 8 cm again increased shoot dry matter yield by 21%. When the intra-row spacing was widened to 10 cm, the shoot dry matter yield increased further by 10%. The shoot dry matter yield of plants grown at the intra-row spacing of 10 cm exceeded the shoot dry matter yields of plants grown at the spacing of 4 cm by 82% ( Table 1 ). The result showed that plants grown at the widest spacing produced the highest shoot dry matter yield possibly due to less completion among them for growth factors such as light, water and mineral nutrients. At wider spacing, due to less competition for light and other resources, plants apparently accumulated more shoot dry weight. This may be due to the fact that the crop plants should cover the soil to intercept maximum sunlight to produce higher dry matter as the intercepted solar radiation and dry matter production are directly related. .
Marketable Yield:
Statistical analysis shows that marketable yield (t ha -1 ) was significance difference among treatments at 5% level of significance ( Table 2 ).The highest marketable yield was recorded at 100 kg N ha -1 (31.455 t ha -1 ). Increasing the rate of N from 0 to 50 kg N ha -1 markedly increased marketable fresh bulb yield by 45%. Increasing the rate of N from 50 to 100 kg N ha -1 increased the marketable fresh bulb yield further by 30%. However, increasing the rate of N from 100 to 150 kg N ha -1 tended to decrease marketable fresh bulb yield by 5%. Thus, 100 kg N ha -1 resulted in the production of optimum fresh marketable bulb yield, and there is no need to increase the rate of the nutrient above this rate. An experiment carried out on onions using N rates ranging from 0 to 180 kg ha -1 and found that the highest yield and percentage of marketable bulb production occurred in response to 60 kg N ha -1 while, 180 kg N ha -1 resulting in yield that was even lower than that of the treatment without N [20] .
Widening the intra row spacing from 4 to 6 cm significantly increased the fresh marketable bulb yield by 10 %. However, widening the intra row spacing to the higher levels did not change marketable fresh bulb yield. This result shows that plants grown at the wider spacing of 6, 8, and 10 cm produced the highest fresh marketable bulb yields due to less competition than plants grown at the narrowest intra row spacing of 4 cm.
Unmarketable yield
Unmarketable fresh bulb yields decreased (1.81 to 1.39 t ha -1 ) with the increase in the rate of N application (Table 2) . Thus, the highest unmarketable fresh bulb yields were obtained from plots that received 0 and 50 kg N ha -1 . The smallest unmarketable fresh bulb yields were obtained from plots that received 100 and 150 kg N ha -1 . This shows that N improves marketability or decreases unmarketable of onion bulbs through the positive role it plays in increasing average bulb fresh weight.
Widening the intra row spacing tended to decrease the yield of unmarketable bulbs of the crop (Table 2) . Only plants grown at the intra row spacing of 4 cm and 8 cm differed significantly in the yield of unmarketable bulbs. Thus, plants grown at the spacing of 4 cm produced 27.5% more unmarketable bulb yields than at the intra row spacing of 8 cm. This shows that growing onion at the narrow intra row spacing of 4 cm produced the highest unmarketable bulb yields followed by intra row spacing of 6 cm. Small sized and misshaped bulbs may contribute to the amount of unmarketable bulb yield due to the stiff inter plant competition for growth factors. For the widest intra row spacing, production of considerable numbers of too large bulbs may contribute to the amount unmarketable fresh bulb yield due to low inter plant competition for growth factors. 
Total bulb yield
From Table 2 , similar trend to marketable yield was observed. Increasing the rate of N from 0 to 50 kg N ha -1 markedly increased total bulb yield by 42 %. Increasing the rate of nitrogen from 50 to 100 kg N ha -1 increased the total bulb yield further by 27 %. However, similar to the marketable bulb yield, increasing the rate of N from 100 to 150 kg N ha -1 tended to decrease total bulb yield by 5 %. Increasing the rate of N from nil to 100 kg N ha -1 significantly increased total fresh bulb yield by 79 %. Thus, similar to the marketable fresh bulb yield, 100 kg N ha -1 resulted in the production of optimum total bulb yield (32.84 t ha -1 ). Therefore; further addition of nitrogen doses above 100 kg ha -1 did not increase yield of the onion crop. Several researchers reported similar results. It was also found that increase in N dose up to 100 kg N ha -1 resulted in increased yield of onion bulbs but further increase of nitrogen to 150 kg N ha -1 did not significantly increase the yield [21] . A report indicated that maximum yield of onion bulbs was obtained from application of mineral N fertilizer at the rate of 100 kg N ha -1 [17] . Similarly, [22] reported that yield incensement in the range of 0 to 150 kg ha -1 after which it decreased.
Increasing the intra row spacing from 4 to 6 cm significantly increased the total fresh marketable bulb yield by 9% (Table  2) . However, increasing the intra row spacing to all higher spacing did not change total bulb yield. This result shows that plants grown at intra row spacing of 6 cm produced the higher mean total bulb yields. [23] (1991) also reported that, closer intra row spacing of 5 cm increased bulb yield by 7.6% over 10 cm. Similarly, [24] also found that in Bombay Red at the intra row spacing of 4 cm produced the highest yield compared with 10 cm intra row spacing at the rift valley of Ethiopia. However, experimental result showed that optimum yield at 10 cm x 20 cm spacing after compared with 12 × 20 cm and 6 × 20 cm. Such difference may be difference in soil condition, variety of onion used or agro ecological variability [25] .
Harvest index
Harvest index increased with the increase in the rate of nitrogen application ( Table 2 ). The highest harvest index, (77.642 %), was produced at the application of 150 kg N ha -1 , which increased the parameter by about 6 % compared with the control. This indicates that application of higher amounts of N is important for onion to produce more assimilates for growth, development, and bulb production. Similarly, [19] indicated that N application improved harvest index in onion by increasing both bulb dry weight and total biomass yield.
Increasing the intra row spacing of onion, linearly and significantly decreased harvest index (Table 2) . Widening the intra row spacing from 4 to 6, 8, and 10 cm significantly reduced harvest index by 7, 4, and 4%, respectively in the order mentioned here. The harvest index of plants grown at the narrowest intra row spacing of 4 cm exceeded the harvest index of plants grown at the widest intra row spacing of 10 cm by 14 %. This result demonstrates that bulbs of plants grown at the narrowest spacing were compact and had more dry matter relative to the smaller biomass produced due to stiffer competition between plants. On the other hand, bulbs produced by plants grown at the widest spacing produced higher bulb dry biomass yield but also that of above ground dry biomass yield due to relatively sufficient growth factors for photo-assimilation, thereby reducing the relative ratio of bulb dry matter to the dry matter of total biomass, which is harvest index.
Conclusion
Lack of improved production practices have been the major bottlenecks of onion productivity in northern Ethiopia particularly at Shire area. Keeping optimum intra row spacing and N fertilizer, helps to maintain higher yield and also to get marketable bulb size. Optimum marketable yield was found from plots that were planted using 6 cm intra row spacing and application of 100 kg ha -1 N compared with other treatments. Therefore, it could be concluded that Onion Bombay Red cultivar should be planted during the rainy season at optimum spacing of 6 cm x 20 cm with application of 100kg N ha -1 at Shire area to attain maximum yield.
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